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Abstract

Introduction Spina bifida is a potentially disabling congenital condition and affects the quality of life (QOL). We aimed to
assess clinical outcomes and QOL in children who underwent spina bifida repair at our hospital.

Methods This was a retrospective cohort study on children who underwent spina bifida repair at our hospital over 10 years.
Phone calls were made to parents of the children, and the Health Utility Index Mark 3 (HUI 3) score was used to assess QoL,
and degree of disability. Demographics and clinical data were obtained from the medical chart review. Statistical analysis
was done using SPSS (version 21).

Results Eighty children with a median age of 1.1 months (IQR 0.03-2.0) at the time of presentation, were included in this
study. The mean follow-up period was 6.04 +2.54 years and the median HUI-3 score was 0.64 (IQR: 0.40 — 0.96) on a scale
of 0 (dead) to 1 (perfectly healthy). Based on the severity of disability, 12 (23.1%) children had mild disability, 4 (7.7%) had
moderate disability, and 23 (44.2%) had severe disability. Factors including a leaking spina bifida and paraplegia at pres-
entation; radiological findings of hydrocephalus and Chiari malformation, were associated with a significantly low QOL.
Children who required CSF diversion (EVD/ VP shunt) during the repair or at a later stage also had significantly low QOL.
Conclusion In LMIC, children with myelomeningocele (MMC) born with lower limb weakness, hydrocephalus, Chiari
malformation, and those presenting with leaking MMC, have a significantly low QoL at a mean follow-up of 6 years.

Keywords Myelomeningocele - Quality of Life - Spina Bifida - Outcomes
Introduction common causes of childhood disability and can affect the
quality of life (QOL), particularly in low- and middle-income
countries (LMIC). Early surgical intervention does not war-

rant complete neurological recovery, even though it is crucial
to prevent long-term problems, most children would remain

During the last few decades, the global incidence of spina
bifida has considerably decreased due to folic acid supple-
mentation in diet [1]. However, it is still one of the most
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dependent on caregivers [2]. More than half of these children
have additional associated neurological conditions, as well as
non-neurological congenital anomalies, which further hinder
their efforts to live a normal life [3].

QOL is an individual’s perception of life, in the con-
text of value systems, culture, expectations, concerns, and
standards, within the confines of his or her environment [4].
Any medical condition that causes temporary or permanent
disability can affect the health related QOL. In the United
States, first-year survival rate of infants with spina bifida
has increased to 92%, and 75% reach adulthood [1]. As life
expectancy has improved, more patients with spina bifida
experience social, emotional, cognitive, and psychologi-
cal distress [5, 6]. Limited resources, financial constraints,
absence of support groups, and lack of access to rehabili-
tation centers result in a greater negative impact of spina
bifida on the health related QOL in LMICs [2]. The true
incidence of spina bifida in Pakistan is not known, however,
available data estimate the incidence of neural tube defects
(NTDs) between 38.6 and 124.1 per 10,000 births, which is
significantly higher than the global average of 10 per 10,000
births [7]. Pakistan is the 5th most populous country in the
world, and the incidence of myelomeningocele (MMC) is
high due to the limited access to prenatal screening, lack of
folate-fortified food, unavailability of folate supplements,
and consanguineous marriages.

While surgical outcomes for spina bifida have been
widely reported, there is a dearth of data from LMICs
on the long-term health related QOL in these patients
[2]. Considering the high prevalence of spina bifida in
the country, and a nearly non-existent disability support
system in the country, we aimed to study the operative
outcomes and QOL in patients who were operated on for
spina bifida at our hospital during the last ten years, and
to seek predictors diminished QOL.

Methods

This was a retrospective cohort study. The study popula-
tion comprised patients who were operated on for spina
bifida at the Aga Khan University, from January 2011 to
December 2020. These patients included those who were
diagnosed with meningocele and myelomeningocele.
Cases were identified using the ICD-10 codes. Ethical
approval was obtained from the Ethical Review Com-
mittee at the University before initiating the study. We
identified 80 patients who fulfilled the inclusion criteria.
Medical records of these patients were reviewed for col-
lecting information about their birth history, demograph-
ics, neurological status, details of the surgery, and clinical
outcomes. Contact information of parents was obtained
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from the hospital record, and phone calls were made to
collect the information on the QoL of these patients at
the time of data collection. Two subsequent attempts were
made to contact parents who did not respond to the first
phone call. Verbal consent was obtained over the phone.

We used the Health Utility Index Mark 3 (HUI-3) for
calculating the QOL of these patients [8]. HUI-3 is a com-
prehensive validated tool consisting of 8 components for
measuring health-related QOL and has been used exten-
sively in both healthy and chronically ill pediatric and adult
populations to describe health states. The questionnaire is
designed for both self- and proxy administration. It gives a
quantitative score on a scale of 0 (dead) to 1 (perfect health)
after taking patients’ vision, hearing, speech, ambulation,
dexterity, emotion, cognition, and pain into account. A
score for each attribute is assessed based on the participant’s
choice of 4-5 responses, and normative scores are based on
population preferences for levels of optimal health across
the 8 domains. Using the HUI3-defined scoring algorithms,
single-attribute scores can then be compiled to determine an
overall multi-attribute score. Multi-attribute scores, which
encompass all domains concurrently and account for the
interaction between attributes, are calculated to derive an
estimation of the participant’s overall HRQOL.

Statistical analysis was done using SPSS version 22. For
categorical variables frequencies and proportions were calcu-
lated, whereas means and standard deviation or median and
interquartile ranges were calculated for continuous variables.
The data was not normally distributed so non-parametric
tests were applied. Mann-Whitney U-test was used for the
comparison of HUI-3 scores. For comparison of QOL scores
between more than 2 categories, the Kruskal-Wallis test was
used. Correlation between continuous variables was assessed
using the Spearman rho correlation coefficient. When a con-
tinuous variable, such as age, was a potential confounder for a
categorical variable, we performed the ANOVA test. A cutoff
of p<0.05 was taken as significant.

Linear regression was used to determine the factors asso-
ciated with a poor QoL, and unadjusted and adjusted beta
coefficients, standard error (SE), and 95% confidence inter-
val (CI) were calculated. All plausible interactions were con-
sidered, and independent variables with a p-value <0.25 on
univariate analysis were included in the multivariable model.
A p-value <0.05 was considered significant.

Results

The median age of the patients at the time of presentation was
1.1 months, whereas the median age at the time of data col-
lection was 6 years, with a slight male predominance (n=50;
62.5%). Most children were born at full term (48; 60%). Only
15 (18.8%) mothers had regularly taken folate supplements
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during pregnancy, but we could not confirm whether they
had started the supplements before conception or after con-
firmation of pregnancy. MMC was the most common subtype
of spina bifida in our cohort (65; 81.2%), and 36 (43.8%)
patients had CSF leakage at presentation. Hydrocephalus was
the most commonly associated condition seen in 40 (51.3%)
patients. Parents of 52 patients responded to phone calls.
Table 1 contains further details of presenting features.

Fifty-one patients (63.8%) had CSF diversion, out of
which 26 (32.5%) patients had permanent diversion in the
form of a VP shunt. Placement of EVD at the time of
repair (p=0.012) or the need for a CSF diversion at a
later stage (p=0.029) were associated with a significant
decrease in QOL (Table 2). Post-operative CSF leak from
the wound was the most common surgical complication (9;
11.3%). Table 2 mentions details of surgical procedures
and clinical outcomes.

The mean follow-up period was 6.04 +2.54 years and
the median HUI-3 score was [0.64 (IQR: 0.40 — 0.96)].
Furthermore, based on the severity of disability 13 (25%)
children had no disability (HUI-3 score: 1), 12 (23.1%)
children had a mild disability (HUI-3 score: 0.99- 0.89),
4 (7.7%) children had moderate disability (HUI-3 score:
0.88- 0.70), and 23 (44.2%) children had a severe disability
(HUI-3 score: <0.70).

At the time of presentation, a leaking spina bifida
(p<0.001), motor weakness in lower limbs (p =0.004), and
incontinence (p =0.042) were associated with a significant
decrease in QOL. On imaging hydrocephalus (p <0.001)
and Chiari malformation (p=0.007) were associated with
significantly lower QOL (Table 1). At subsequent follow-
ups lower limb motor weakness (p=0.019), incontinence
(p=0.044), and a need for a new procedure (0.022) were
associated with significantly lower QOL (Table 2).

Table 1 Demographics &

. Parameters Results P Value
Presenting Features
Median age 1.1IQR: 0.03 — 2.0) months
Gender Male: 50 (62.5%) P=0.570
Female: 30 (37.5%)
Time of mother’s delivery Pre-term: 4 (5%) P=0.986
Term: 48 (60%)
Missing information: 28 (35%)
Mean age of mother at the time of child’s birth 28.6+5.3 years P=0.319
Folate consumption before conception Regular intake: 15 (18.8%) P=0.887
Irregular intake: 27 (33.8%)
No intake: 10 (12.4%)
Did not remember: 28 (35%)
Antiepileptic use during pregnancy 2 (1.8%) P=0.923
Type of neural tube defect Meningocele: 15 (18.8%) P=0.928
Myelomeningocele: 65 (81.2%)
Location of neural tube defect (NTD) Thoracic: 7 (8.8%) P=0.144
Lumbar: 26 (32.5%)
Lumbosacral: 44 (55%)
Sacral: 3 (3.7%)
CSF leakage before repair 36 (43.8%) P<0.001"
Lower extremity motor function at presentation® Grossly intact (moving against gravity): P=0.004"
52 (65%)
Incomplete weakness (moving along
gravity): 8 (10%)
Complete weakness: 20 (25%)
Sphincter function at presentation Grossly intact: 27 (33.7%) P=0.042"
Impaired: 16 (20%)
Missing information: 37 (46.3%)
Associated conditions on initial imaging
Hydrocephalus 40 (51.3%) P=0.001"
Diastematomyelia 12 (15.4%) P=0.052
Epidermoid/Dermoid lesion 3(3.8%) P=0.420
Radiologically proven Chiari malformation 45 (57.7%) P=0.007"

Median HUI3 score (for 74 patients who responded

on the phone)

0.64 (IQR: 0.40 — 0.96)

*Significant

4Spontaneous, adequate movements at hips and knees
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Table 2 Details of Surgical Procedures & Outcomes

Parameters Results P Value
Primary surgery Spina bifida repair with primary wound closure: 59 P=0.091
(73.8%)
Spina bifida repair with skin flap: 21 (26.2%)
CSF diversion at the time of spina bifida repair Total: 20 (25%) P=0.012"
EVD: 15 (18.8%) P=0.676
VP shunt: 5 (6.2%)
CSF diversion at a later stage Total: 31 (38.8%) P=0.029"
EVD insertion only: 4 (5%)
VP shunt insertion only: 21 (26.3%)
Both EVD and VP shunt: 6 (7.5%)
CSF diversion and admissions During the same admission: 12 (15%) P=0.259
In another admission: 19 (23.8%)
Median duration between NTD repair and EVD insertion 9.0 (IQR: 2.0 — 23.0) days P=0.448
Median duration between NTD repair and VP shunt insertion 8.5 (IQR: 4.75 — 17.75) days P=0.520
Median length of hospital stay 10.7 (IQR: 5.0 — 13.0) days P=0.102
Complications of surgery
CSF leak 9 (11.3%) P=0.523
Meningitis 6 (7.5%) P=0.147
Wound dehiscence 4 (5%) P=0.366
Seizures 4 (5%) P=0.188
Mean follow-up in neurosurgery clinic 6.0+2.54 years
Lower extremity motor function at last follow-up Intact: 55 (68.8%) P=0.019"
Incomplete weakness: 11 (13.8%)
Complete weakness: 14 (17.4%)
Sphincter function at last follow-up Intact: 19 (23.8%) P=0.044"
Impaired: 8 (10%)
Missing information: 53 (66.2%)
Total number of surgeries to date One: 47 (58.8%) P=0.022"
Two: 27 (33.7%)
Three: 3 (3.7%)
More than three: 3 (3.8%)
Mortality during the follow-up period 9 (11.25%) P<0.001
“Significant
Linear regression analysis Discussion

On univariate linear regression with QoL as the depend-
ent variable, children presented with hydrocephalus (Beta
Coefficient: -0.352), Chiari malformation (-0.261), a leak-
ing spina bifida (-0.401) were negatively associated with
QoL. Folate intake during pregnancy (0.057) and power in
lower limbs (0.178) were positively associated with QOL.
An intraoperative need for EVD (-0.358) and any subsequent
need for a CSF diversion procedure was negatively associ-
ated with QOL. Postoperative development of hydrocepha-
lus (-0.457), meningitis (-0.362), and seizures (-0.448) were
negatively associated with QOL.

On multivariable linear regression, power in lower limbs
on presentation (0.205) and discharge (0.270) were posi-
tively associated with QOL. Whereas a leaking spina bifida
(-0.304) at presentation was negatively associated with QOL
(Table 3).

@ Springer

This is one of the very few studies from LMICs that report
health-related QOL in children with spina bifida. We
included 114 children, with a median age of 1.5 months and
assessed pre-surgical and post-surgical factors which could
significantly correlate with a low HIU 3 score, represent-
ing poor quality of life. Pre-surgically, the presence of CSF
leak, weakness in lower limbs, presence of hydrocephalus,
and Chiari malformation were factors that were signifi-
cantly associated with a low mean HIU 3 score. Among the
operative and post-surgical outcomes, the development of
hydrocephalus during the hospital stay and CSF diversion
either during the time of MMC repair or at a later stage were
significantly related to poor QOL.

MMC is one of the most common congenital malforma-
tions of the CNS causing a spectrum of morbidity [9]. The
condition has both physical and psychological consequences
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Table 3 Multiple regression analysis of factors predicting quality of life in children with spina bifida

Factors Univariate Regression Model Multivariate Regression Model
Unstandardized Sig. 95% CI for B Unstandardized Sig. 95% CI for B
coefficient (B) coefficient (B)
Lower bound Upper bound Lower bound Upper bound
(constant) 0.797 <0.001 0.450 1.144
Folate Intake 0.057 0.180 -0.027 0.140 0.017 0.685 -0.102 0.068
Power of lower limb on 0.178 0.004 0.059 0.297 0.205 0.003 -0.063 0.223
presentation
Leaking spina bifida -0.401 <0.001 -0.587 -0.215 -0.304 0.022 -0.561 -0.047
Hydrocephalus on imaging -0.352 <0.001 -0.540 -0.165 -0.169 0.162 -0.410 0.071
Chiari Malformation -0.261 0.014 -0.468 -0.054 0.018 0.879 -0.215 0.250
Insertion of EVD at the time  -0.358 0.006 -0.607 -0.108 -0.152 0.354 -0.481 0.177
of repair
Post-operative need for a -0.219 0.041 -0.428 -0.009 -0.037 0.767 -0.212 0.285
CSF diversion procedure
Power in lower limb on 0.155 0.021 0.025 0.286 0.270 0.021 -0.161 0.701
discharge
Hydrocephalus during the -0.457 0.009 -0.793 -0.121 -0.095 0.662 -0.534 0.343
hospital stay
Meningitis during the -0.362 0.108 -0.805 0.082 -0.022 0.921 -0.476 0.431
hospital stay
Postoperative seizures -0.448 0.100 -0.985 0.089 0.306 0.443 -0.495 1.107

that last throughout the patient’s lifetime. Surgical manage-
ment should be followed by regular and comprehensive
specialist evaluations to detect complications followed by
prompt management to improve the negative impact of the
condition [10]. North et al. compared two 10-year cohorts of
MMC patients in Canada; the first cohort from 1971-1981
included 101 patients, and the second cohort from 1996 to
2006 included 46 patients. The factors that had significantly
improved in the second cohort were MMC incidence, mor-
tality, and the proportion of cases operated within 48 h of
birth. However, the long-term functional outcomes did not
improve between the two groups [11].

Although the true incidence of MMC in Pakistan is
unknown, current literature suggests that the incidence
of NTDs is between 38.6 and 124.1 per 10,000 births [7].
Developing countries like Pakistan where there is subop-
timal health resource utilization, and literacy is low, have
a higher number of cases of NTDs [12]. Khan et al. con-
ducted a cross-sectional study on 67 patients born with
spina bifida at a large public sector hospital. They reported
that a majority of mothers of MMC patients belonged to a
low socio-economic background and had not had a prena-
tal evaluation during the first trimester, indicating a higher
probability of these mothers missing folate supplementation
and antenatal screening [13]. In our study only 18.8% of
the mothers recalled taking regular folate supplementation
before conception, highlighting inadequate maternal folic

acid supplementation as a risk factor in MMC patients which
is comparable with previous research conducted in Pakistan
[13—17]. Mandatory food fortification laws have been passed
since 2021 in two provinces of Pakistan. Similar interven-
tions focused on reducing barriers to folic acid supplementa-
tion such as providing adequate awareness, excellent quality
counseling, and availability of free supplements throughout
pregnancy should be implemented to reduce the incidence
of NTDs [18].

The Health Utilities Index (HUI) is a classification sys-
tem that provides a compact but comprehensive framework
to describe health status [19]. With a mean follow-up of
6.04 +2.54 years, 52 caregivers of MMC patients responded
to phone calls in our study, and the mean HUI-3 score was
measured as 0.64+0.37 [8]. Young et al. measured the
health outcomes in Canadian spina bifida patients (40 chil-
dren and 13 young adults) and reported the mean HUI3 score
as 0.52 [20]. Their results are similar to another Canadian
study on MMC patients by Karmur et al., which included
131 patients with shunted hydrocephalus, and reported the
mean HIU3 score as 0.51 [21]. A study on the QOL of Ugan-
dan children with MMC reports the mean HUI3 score by 66
caregivers as 0.549 (95% CI 0.465 to 0.633) [2]. Our mean
HUI 3 score falls in the severe disability category similar
to the results from other high-income countries and LMIC.

Preoperative motor weakness in lower limbs in our
patients was significantly correlated to a lower HIU3 score.

@ Springer
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A study from Turkey reported QOL in 50 children with
MMC and used CHQ-PF-50 (Child Health Questionnaire
Parent Form 50) to assess QOL. They found that non-
ambulatory MMC patients had a significantly lower QOL
compared to ambulatory patients [22]. We investigated the
co-morbidities present on initial imaging and found that the
presence of hydrocephalus and Chiari malformation was sig-
nificantly correlated to a lower QOL. Rozensztrauch et al. in
arecent study interviewed 52 parents of children with MMC
and reported a similar correlation between hydrocephalus
and the QOL, as patients with no hydrocephalus functioned
significantly better than patients who had this defect in the
physical, social, and school areas [10]. A significant propor-
tion of MMC patients develop hydrocephalus and require
some form of CSF diversion, with shunt rates varying from
52 to 92% [23]. Several studies have reported a significant
negative impact of shunted hydrocephalus on QOL ranging
from neuropsychological to sports and physical function-
ing [1, 24-27]. There have been concerns about the simul-
taneous repair of MMC and shunt insertion related to an
increased rate of post-surgical complications [28]. However,
in our cohort, both early and late CSF diversion was nega-
tively associated with QOL.

There were some limitations of this study. We report
patients from a single tertiary care private medical center.
There is a high probability of the patients belonging to
middle and high socio-economic backgrounds which
means better health and social determinants which led
to relatively better health outcomes. Hence, our results
might not represent MMC patients from across the coun-
try. This was a retrospective study which creates a pos-
sibility of recall bias as caregivers were contacted over
the telephone about patients initially presenting many
years ago for example 35% of the mothers could not recall
whether they had taken regular folic acid supplementation.
Additionally, we noticed that a high number of children
in our study underwent an EVD as a form of temporary
CSF diversion, and none of the children underwent either
an ETV (endoscopic third ventriculostomy), insertion of a
VAD (ventricular access device), or an intrauterine repair.
This represents the practice preferences of some of our
neurosurgeons. Our hydrocephalus and shunt insertion
rates were much lower than that reported in the literature,
which may be due to underdiagnosis, and losing patients
to follow-up. We also had a much lower rate of multi-
ple surgeries in our patients, which may be attributed to
a shorter mean follow-up rate, and a significant loss to
follow-up rate in our patients. The loss to follow-up is an
often reported problem in most studies coming out from
LMIC, and unless a registry is maintained and these chil-
dren are actively followed up for the late sequel of MMC,
the problem will tend to stay.
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Conclusion

Spina bifida is a potentially disabling condition that signif-
icantly impacts QOL in children. Children presenting with
weakness in lower limbs, hydrocephalus, Chiari malfor-
mation, and leaking MMC have a significantly low QoL.
Preventive strategies including better antenatal care and
folate supplementation should be encouraged.

Abbreviations QoL: Quality of Life; LMIC: Low- and middle-income
countries; HUI 3: Health Utility Index Mark 3; NTDs: Neural tube
defects; MMC: Myelomeningocele; SE: Standard error; CI: Confi-
dence interval; HUI: Health Utilities Index; CHQ-PF-50: Child Health
Questionnaire Parent form 50; ETV: Endoscopic third ventriculostomy;
VAD: Ventricular access device
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